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‘-‘ FORWARD

This guide is intended to help mamufacturers of high-intensity mercury
vapor discharge lamps to establish adequate quality control and testing
programs for compliance with the Federal performance standard for such
lamps (21 CFR 1040.30). It is intended as guidance and to define good
manufacturing- practice in this area. Although specific sampling plans
are included in Section 4, other sampling plans could be used as long
as they provide equal protection and assurance of compliance.
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1.0 FDA Compliance Policy

The performance standard for high-intensity mercury vapor discharge
lamps issued by the Food and Drug Administration to became effective
March 7, 1980, requires mamufacturer certification of mercury vapor and
metal halide lamps. That certification is the manufacturer's assurance
to the customeérs that each lamp camplies with all of the applicable
requirements of the standard during its useful life.

Certification of self-extinguishing mercury vapor or metal halide lamps
will clearly require destructive testing of same lamps. The FDA will
be testing samples of such lamps at its Winchester Engineering and
Analytical Center laboratory in Winchester, Massachusetts (draft test
procedures in Appendix B). Controlled tests will be performed there to
determine if lamps which are certified as self-extinguishing do in
fact self-extinquish within the required time, 15 minutes, under the
appropriate breakage conditions.

Lamps manufactured after the standard becames effective and prior to
September 8, 1981, will be tested to determine if they self-extinguish
with camplete breakage of the outer envelope. After that date they will
be tested with only partial breakage as specified in the standard.

Same lamps will undergo life testing to assure that their self-extinguish-
ing mechanism will operate over the useful life of the lamp. Also, at
the same time these lamps are tested for performance, their labels will
be examined to assure that they comply with the requirements and will
remain attached and legible through the useful life of the lamp.

Destructive tests conducted by FDA and manufacturers will involve only
small samples of the production lamps. The actual number of lamps which
need to be tested in this manner will depend on many factors. These
factors include the results of the tests (e.g., how close the cutoff
times are to the limits), the specific type of extinguishing device, and
any other tests that mamfacturers can perform and document which would
provide assurance directly or indirectly that the lamps will meet the
standard throughout their useful life.- : -

Failure of a single lamp to meet the test for campliance will not neces-
sarily result in a recall by the manufacturer but may require additional
analysis and testing. If a lamp fails to comply with the requirements
for self-extinguishing lamps,.the FDA will attempt to determine the
cause of that failure. The manufacturer will probably be contacted and
additional lamps from that batch obtained and tested before deciding if
a recall of that batch of lamps is needed. If the additiondl testing.

_indicates other lamps probably do not comply with the standard the FDA

may require the manufacturer to recall them.



« The extent of any recall will depend on the manufacturer's ability to

determine which lamps may be subject to a particular failure. Clearly-’
it is in the manufacturer's best interest to keep complete and accurate
records of quality control testing and design a workable lamp tracing
system.

Manufacturers should also note that their quality control progrz2ms are
subject to review by FDA. If a program is found to be inadequate to

assure campliance with the standard the FDA may disapprove the manufacturer's

testing program (21 CFR 1010.2 (c)). Under Section 360B of the Radiation
Control for Health and Safety Act of 1968, it is unlawful for a manu-
facturer to continue to introduce into camerce lamps certified on the
basis of a disapproved testing program. In that case a new or modified
testing program would then have to be developed and sulmitted to the FDA
for review. If it is acceptable the disapproval could be rescinded to
allow the mamufacturer to resume manufacture and certification of lamps.

Disapproval of a testing program does not require that noncampliant
products be found first and thus does not autamatically require a recall
of products. Likewise the f£inding of a noncompliant lamp by FDA does
not autanatically mean disapproval of that manufacturer's testing
program. Both situations would require further analysis to detexmine
appropriate action.



2.0 Quality Assurance Program

2.1 Elements of a Quality Assurance Program

The adequacy of a specific quality control and testing program must be
judged on its own merits and applicability to the product. However,

a viable quality control program, in general, should ensure the continued
satisfactory performance of a product throughout its useful life. The
essential elements of such a program should include the following:

a. Proper organization and administrative procedures to ensure
objectivity.

b. Preproduction evaluation and testing of the product including
the testing of ccmponents and materials obtained fram other manu-
facturers. ’

c. Evaluation of the product during and after production.

d. Valid measurement techniques, analysis of data and treatment of
uncertainties.

e. Establishment of confidence limits and rejecticn criteria and
the procedures for retesting the rejected units if they are re-
cycled back into the production sequence.

£. An audit procedure to randamly select units for retest as a
check on the effectiveness of the instituted quality control and
testing program.

g. Life and reliability testing procedures which determine whether
the product will continue to meet its design specifications during
its useful life.

h. A review procedure to assure that any problems discovered in

a product during its production life are corrected and that ap-
propriate design changes are made to eliminate them from subsequent
units produced. '

2.2 Objectivity

Any quality assurance progrzm should be carefully structured and admin- -
istered to ensure the objectivity of the program. Certain safequards
against personal prejudice and conflicting interests have to be built into

_the system to avoid biased decisions. For example, a person responsible

for maintaining production schedules should not simultaneously be responsible
for quality control, because he may be less inclined to reject large
mimbers of unacceptable units.



2.3 VUniform Procedures

A quality assurance program must be based on standardized methods for
the examination or testing of the products. Specific written procedures
should be developed and faithfully followed. Data should be recorded

in a consistent manner using standardized forms (21 CFR 1002.30). The
forms should provide for recording all information relevant to the
product such as the identification number of the product, date of test
or examination, date of mamufacture, sample lot, results of test, names
of personnel performing and reviewing the test, identification of test
instruments, etc. Records are to be kept for a period of five (5)

years (21 CFR 1002.31 (a)).

2.4 Validity of Measurements

A valid program of measurements involves a thorough evaluation and error
analysis of the test methocds and instruments. A periodic recalibration
of measuring instruments against a standard is an important procedure for
maintaining a consistent measuring capability.

2.5 Documentation

A canplete written documentation of the quality assurance program should
be maintained (21 CFR 1002.30 (a)(1l)). This sheuld include description
of tests and their sequence,description and evaluation of the measure-
ment instrumentation and techniques (including instrument calibration
records), the rejection criteria or confidence limits used and the
justification for the particular choice of such limits, methcds of data
analysis, sampling plans, etc. If a sampling technique must be used,

it must be documented and rigorously followed.

2.6 2audit Procedures . .

2Mdequate audit procedures should be implemented t& act as a further
check on the continued validity and effectiveness of the quality control
program. Random sampling is the only acceptable method in selecting
units for audit testing. The audit should be independent of the quality
assurance tests. :



3.0 PRE-PRODUCTION EVALUATION

The preproduction evaluation and testing should be constructed to
include (1) a review of the design to ensure that the design will yield
a product in campliance with the performance standard, (2) evaluation of
critical ccmponents and material obtained fram other manufacturers for
use in the lamp and (3) engineering and prototype testing and

evaluation to confirm that the lamp can be manufactured in compliance
with the standard.

3.1 Design Review

Before the manufacture of the lamp begins, its design must be analyzed
to ensure that the finished product will comply with the Federal Per-
formance Standard. The requirements of the mercury vapor lamp standard
that must be considered in design review include:

a. The lamp must be permanently labeled or marked in such a manner
that the manufacturer and month and year of manufacture (all of which
may be expressed in code) can be determined on an intact lamp and
after the outer envelope of the lamp is broken or removed (21 CFR
1040.30 (c) (1) (ii)). 1If the dates appear on both the lamp envelope
and an internal part of the lamp, be sure that both dates are the
same. Labels or marks shall be sufficiently durable to be legible
throughout the useful life of the lamp. ’

b. The outer envelope of the lamp must be clearly marked with the
letter "T" or "R" as appropriate (21 CFR 1040.30(d) (2) and

(e) (1)). This mark must also appear on another part of the lamp in
such a manner that it is visible after the ocuter envelope is hroken
or removed. Be sure that the "T" or "R" marks are clearly distin-
guishable from and will not be confused with other information that
may appear on the lamp; e.g., they should not be a part of or be
confused with any part of the lamp designatiop code.

c. The 1amp packaging uniquely associated with-the lamp (i.e.,

" innermost*lamp packaging) must bear a label or ‘tag which contains
the full name and address of the mamufacturer, place of manufacture
and month and year of manufacture if such a label or tag is not
affixed or inscribed on the lamp itself (21 CFR 1040.30(c) (2} and
21 CFR 1010.3(a)). Where the lamp is sold under a name other than
the manufacturer, -the full name and address of the campany under
whose name the lamp is sold may be set forth provided sufficient
information is provided to the Bureau of Radiological Health to
“allow the Bureau to identify the manufacturer. The place -of
manufacture may be expressed in code. 'However, no specific place

*Note: This has been modified by the Bureau's policy statement of
April 25, 1980, which allows the date of manufacture to appear
on the ocuter packaging rather than the lntermost packaging
until September 7, 1980. :



of manufacture identification will be required if the place of manu-
facture is same as.the  address of the manufacturer stated on the
label or if the manufacturer has only one place of mamufacture for
high-intensity mercury vapor discharge lamps and has identified

that place of manufacture to the Bureau. The month and year of
manufacture can not be coded hut must appear in full without ab-
reviation as in the following example - Manufactured: March 1980.
The month-and year of manufacture on the packaging mmst be the same
as that which appears (in a coded or uncoded form) on the lamp. In
lieu of providing the full date of mamufacture on the lamp packaging,
however, the manufacturer may provide on the lamp packaging the key
to the lamp date of manufacture code (see BRH policy statement
dated February 25, 1980).

d. The lamp packaging uniquely associated with the lamp must

also bear a label or tag which contains a statement by the manu-
facturer certifying that the lamp conforms to the requirements of
the Federal performance standard for high—intensity mercury vapor
discharge lamps if the certification label or tag is not affixed or
inscribed on the lamp itself (21 CFR 1040.30 (c)(2) and 21 CFR 1010.2
(b)). The certification statement can be in any of the following
acceptable forms:

"Complies with DHEW radiation performance standards, 21 CFR
Chapter 1, Subchapter J"

"product ccamplies with applicable DHEW standards under the
Radiation Control for Health and Safety Act of 1968."

ther certification statements may be used as long as they are clear
anrd unambiguous,

e. Lamp packaging (21 CFR 1040.30 (b) (3)) for each mercury vapor
lamp must clearly and prominently display the letter "T" or "R" and
the warning labels for self-extinguishing or mon-self-extinguishing
lamps as appropriate (21 CFR 1040.30 (d) (3) and (e) (2) respectively).

£, Seif -extinguishing mechanisms must be designed to assure that

the lamp will camply with the requirements of 21 CFR 1040.30 (d)(1).
The following factors should be considered when designing sn¢ch mech-
anisus: T

1. The design cut-off time (i.e., the mechanism) should be
designed to function reliabily well within the 15 minute limit
following lamp envelope breakage,
2. Adverse effects of tolerance buildup and production errors
on proper functioning of the self-extinguishing mechanism should
_be minimized, i.e., it should be a "forgiving" design,



3. The ability of indirect (non-destrurtiiiom) tesits: to predict
anl ensure complidance of the campleted lamp with tie remmire—
ments of the standard (i.e., use of non—estrzactize tests) can
reduce the number and cost of destructive ‘tests:, ami -

4. The susceptibility of the self-extingmniishing merimmism
to degradation in performance because of w=x= ¢ exvwircmmental
factors.

g. Lamp advertisement for non—self-—extlnguls‘mm:g, Jamgys mmst comtain
the warning statement required by 21 CFR 1040.3Z (e} (3. The
statement need not be repeated for each lamp prowrided it iz clear

as to which lamps the statement applies. Be suxra iket ‘the warming
statement is contained in all advertisement as defime® By 20 CFR
1040.30 (b){2) and that personnel responsible for adrerifisenent are
aware of this requirement.

3.2 Evaluation of Critical Components

Certain components can affect the compliance of mercuxwy vagow lamps. This
is particularly true for self-extinguishing lamps. A glasis sizncture or
an electrical or mechanical ccmponent may be critical forw copliance.

Tags and labels may also be critical for compliance. Whrtilher snch com—
ponents are fahricated by the manufacturer of the lzmp ar purcimsed from a
vendor, proper evaluation is essential to determine timt the sradmct

will camply with the applicable standard after manufactmre. The re—
sponsibility for product campliance rests with the mamufacturesr of the
final product and not the supplier of components or mmiterial. The

testing of all critical components is therefore, ar importsmit mespom—
sibility of the mamufacturer. Important aspects of evalwzttiom of these
critical ccmponents prior to their use in the lamp TrorThade

a. Performance specifications for the criticall cmgpomwentts shomld

be developed taking both the requirements of the perfommenr= standard
and a tolerance analysis of the product into cursiderzdicm. A
tolerance analysis is a calculation of the ramge of performamce of -

~a product that can result from variations that cuf eccaw Im components.

Such an analysis should, whenever possible, be é:xg;amm‘_illy walidated.

b. All critical coamponents should be tested tw verify ilmt their
performance is within the range of specifications neqguiresl for them
by the manufacturer of the final product. Many of the tests of
critical components are not possible or feasible aftsr these com-—
ponents have been incorporated into the product ezcegt om a destruc-
tive testing basis. For example, a tungsten filiamemt wsed as a fuse
in a self-extinguishing mechanism should be chezked fur proper weight
and dimension. Wherever possible, a l100-percerit testirm of com—
ponents is recamended. If this is not possible or Femsiille, sampling
procedures having demonstrable statistical validlibty may de wmsed

(see 4.5.1).



c. If at any time the design specifications or materials of any
critical components are changed, the design of the entire lamp
should be reviewed to ensure that the change does not in any way
affect its campliance with the performance standard.

3.3 Engineering and Prototype Testing and Evaluation

Engineering models and prototypes should be tested thoroughly and
exhaustively to assure that the lamp can be manufactured in campliance
with the performance standard, and that it will remain in compliance

under all forseeable conditions during its useful life. This would include
adequate transportation tests, tests of performance under expected and
adverse enviromental conditions, use and abuse testing, and accelerated
life tests. Any design changes should be properly documented, tested

and evaluated in relation to product campliance.

Sections 4 and S of this document should ke consulted for more detailed
guidance on type of tests, test parameters, test conditions, and testing
procedures. '



4..0 PRODUCTION TESTING

4.1  Design of the Production Quality Control and Testing Program

After a manufacturer has verified through design review and prototype
testing that a product can be manufactured in campliance with the per—
formance standard, he must design and implement a production quality
control and testing program that will ensure that each individual lamp
manufactured camplies with the standard. In designing the production
quality control and testing program, it is first necessary to identify
the parameters that need to be checked or tested in order to determine
campliance with the Federal performance standard. This will depend on
whether the lamp is intended to be self-extinguishing (T Type) or non-.
self-extinguishing (R Type). Both types of lamps require marking and .
labeling as previously indicated (Part 4.1). 1In addition, self-
extinguishing lamps must comply with the requirement that the lamp extinguish
in 15 minutes following camplete breakage or removal of the ocuter envelope
and, after September 7, 1981, following breakage or removal of not less
than 3 square centimeters of contiguous surface of the outer envelope.

All of the above requirements must be checked or tested. In the case of
labels or markings such checks or tests consist of merely determining

that the correct labels or marks are present and properly affixed to or
inscribed on the lamp and/or lamp packaging. Checks and tests for
campliance with the self-extinguishing requirements can be of two
different types: destructive tests and non-destructive tests.

Destructive tests are tests of the self-extinguishing mechanism re-
quiring breakage of the ocuter envelope. Non-destructive tests are tests
conducted on camponents and during the manufacturing process which are
intended. to assure that the self-extinguishing mechanism would operate
properly and cause the lamp to extinguish if the outer envelope were
broken as prescribed in the standard. Properly designed non-destructive
(or indirect) tests can increase compliance confidence levels by im-
proving product quality and help reduce the level of destructive (direct)
testing.

.4.2 Checks for labels and Markings

Checks should be made of the following labels and markings: -

4.2:1 Name of manufacturer on lamp (check marks or labels both
inside of the lamp and on the ocuter envelope).

4.2.2 Month and year of mamufacture on lamp (check marks or
labels both inside the lamp and on the outer envelope). ~

4.2.3 The letter "T" or “R", as appropriate, on the outer en-~
velope and on another part of the lamp.



-

4.3

4.2.4 The full name and address of the manufacturer, place of
manufacture and month and year of manufacture (or the key to
the date code, if it is coded on the lamp) on the innermost lamp

packaging.

4.2.5 The letter "T" or "R", as appropriate, on lamp packaging.

4.2.6 ‘The warning statement for "T" type lamps or the warning
statement for "R" type lamps, as appropriate, on lamp packaging.

Compenent and In-Process Tests

The following types of ccmponent and in-process tests should be considered
in establishing testing programs for self-extinquishing lamps:

4.3.1 ‘Tests for Mechanical Switches

1. Check of metal parts for proper dimensions, tensile
strength, etc. '

2. Check of switch contacts for proper surface characteristiecs,
aligmment, and contact.

3. Check of switch spring tension to assure that contacts
will open.

4. A visual aligmment check of switch assembly after outer
envelope is installed, if possible.

4.3.2 Tests for Tungsten Filament Fuses

1. Check of incoming tungsten wire for proper weight and
dimension. .

2. Check of completed tungsten filaments for proper weight,
spacing, and mumber of turns.

3. Check of.-tungsten filaments to be sure there are no foreign
elements present that may cause a short, e.g. fragments of

the metal rod on which the filament was wcund. .

4. Lighting each lamp to check that the light output of each
filament appears normal. ’

The above tests are nct all inclusive and saome may not be possible or .
practical for a particular lamp or manufacturing process. The manufacturer
should evaluate and adopt other or additional component or in-process tests
which might be useful. Such tests may be conducted on a 100% basis or,
when appropriate, on a sampling basis.



4.4 Final Product (Destructive) Tests

Tests must be conducted on self-extinguishing lamps after manufacture using
statistically valid sampling techniques. Lamps are to be broken as required
by 21 CFR 1040.30 (d) (1) while being operated under test conditions pre-
scribed in the standard (21 CFR 1040.30 (f)).

4.4.1 -Lamp Breakage Conditions

1. "Each self-extinguishing lamp manufactured after March 7, 1980
shall cease operation within a cumulative operating time not to

exceed 15 minutes following complete breakage or removal of

the ocuter envelope (with the exception of fragments extended

50 millimeters or less from the base shell" (21 CFR 1040.30(d) (1) (i)).

The manufacturer must design, fabricate and install apparatus
that will efficiently, reliably, and completely break the lamp
ocuter envelope (see 4.4.2). Generally, this can be accomplished
by striking the lamp at one or more preselected points with a
solid object while the lamp is being operated.

2. "Each self-extinguishing lamp manufactured after September 7,
1981 shall cease operation within a cumulative operating time
not to exceed 15 minutes following breakage or removal of at

! least 3 square centimeters of contiguous surface of the outer
envelope” (21 CFR 1040.30 (d) (1) (ii)). It is assumed that after
September 7, 1981, the worst case breakage condition will be a
single hole exactly. 3 square centimeters in area. The manufacturer
will have to design, fabricate, and install an apparatus (or
develop a method) for efficiently and reliably creating the
required hole while the lamp is operating (see 4.4.2). A hole
of the required size could be made in; the lamp using a drill
with a diamond drill bit. A hole could also be produced by
heating a small area of the lamp surface and then creating the
hole using a punch. -

4.4.2 Lamp Test Conditions (21 CFR 1040.30 (f))

1. Lamps should be tested in an enclosure having a volume of
not less than 0.227 cubic meters (8 cubic feet). The use of an
enclosure is desirable to provide for operator safety and a con-
trolled test envirorment.

2, Any lamp designed to be operated only in a specific fixture
or luminaire that the lamp manufacturer supplies or specifies
shall be tested in that fixture or luminaire. All other lamps
shall be tested while operating without a reflector or other
surrounding mAaterial; i.e., the lamp shall be attached only to
a bare socket to supply power. :



-

3. The lamp shall be oriented in the test chamber to the
orientation indicated or recammended by the manufacturer.

If the manufacturer does not recammend a particular orientation
or recammends more than one orientation the lamp shall be mounted
in the worst case orientation for camplianance-with the standard.

4. The initial air temperature at the time of lamp start up
shall be 25 + 59 C. Heating and movement of the air surrounding
the lamp shall be that produced by the lamp and ballast alone;
i.e., the adir temperature and air movement inside the test
chamber shall not be artificially controlled or influenced by
fans, coolers, heaters, etc.

5. The lamp shall be operated on a reference ballast, which is
defined as an "inductive reactor designed to have the operating
characteristics as listed in Section 7 in the Emerican National
Standards Specifications for High-Intensity Discharge Tamp
Reference Ballasts (ANSY C82.51977) or its equivalent."

6. The voltage applied to the reference ballast shall be that
recommended or specified for operation of the lamp. After the
lamp starts up and its operation stabilizes, the measured current
should be within the acceptable current range for the lamp.

As long as the current is within the acceptable range, it need
not be adjusted, either before or after lamp breakage (even

if the lamp current changes significantly after breakage of the
ocuter envelope). If manufacturers wish to maintain a constant
lamp current following lamp breakage in order to simulate

worst case conditions, the Bureau will not object as long as it
can be established that the lamp extinguishing time would never
be less than that which would result from testing as indicated
above.

7. After the lamp operation has stabilized, the lamp shall

be broken in the required manner. The time fram the mament

of breakage to the time when the lamp ceases operation shall

be measured and recorded.

8. After completion of the test the lamp should be examined
to make sure that lamp breakage was as specified in the-~
standard (21 CFR 1040.30 (d) (1) (i) or (ii) as appropriate)

and that the lamp did not extinguish for any reason other than
by operation of the self-extinguishing mechanism.
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Sampling Plans

4.5.1 Sampling Plans for Component and In-process Testing
Canponent and in-process testing should be conducted on a 100% basis
when possible to do so. However, when sampling procedure must be
used a statistically valid sampling scheme based on MIL-STD-105D

for attributes sampling or MIL-STD-414 for variables sampling or
equivalent should be employed. Acceptable quality levels (AQL) and
rejection limits should be chosen that are appropriate for the
camponents and processes being controlled.

4.5.2 VSampling Plans for Final Product Testing

Two types of designs for mercury vapor lamp self-extinguishing
mechanisms have been developed for campliance with the performance

standard for such lamps. One design is a mechanical switch held in the

on (closed) position by the outer glass envelope of the lamp. If
the entire glass is shattered, the circuit is immediately broken
and the lamp goes out. This design will not meet the more stringent
standard to go into effect after September 7, 1981, which require
the lamp to extinguish in the event that the glass envelope is
punctured. The other design is a tungsten filament fuse that
should@ be capable of meeting the more stringent standard because it
is based on cxidation and destruction of the tungsten filament

that campletes the circuit to the light socurce. In the presence

of air, oxidation should occur causing an interruption of the
circuit. There is a trade—off with this design, however. The

life of the bulb is likely to be related to the length of time it
takes the filament to burn ocut. Thus, if the arc-extinguishing
design time is too short the lamp may suffer unacceptable life
shortening-

The sampling plans contained in this document are intended only

as a convenience for manufacturers. Any plan which provides
equivalent protection may be used. Manufacturers are encouraged

to adopt eqvaalent plans which result in reduced sample sizes.

4.5.2.1 Sampling by Attrilutes

‘Since all lamps, especially those using mechanical switches,
can be classified as being defective or not defective, de-—
pending upon whether the lamp stays on or goes out when the
outer envelope is broken, they conform to the process moni-
toring- procedures of sampling by attributes described in MIL-
STD-105D. The tungsten filament fuse lamps, however, can
take advantage of the smaller sample sizes associated with
variables sampling described in the next section. It is the

13 -



intent of the Bureau of Radiological Health that the attributes
inspection procedures conform to the procedures given in MIL-
STD-105D or their equivalent and include additional restrictions
specific to this problem. While it is an ideal that no lamps
produced should fail to comply with the standard, the Bureau

of Radiological Health believes that a testing program is
adequate if it ensures that, on the average, not more than 1
lamp per 1,000 produced will fail to camply. Under the
guidance of the referenced sampling plans, the Bureau recog-
nizes that such an acceptable quality level (aQL) will result
in the destruction for testing purposes of a large fraction of
the lamps produced for any reasonable lot size. It is clear
that large sampling fractions would constitute an unacceptable
hurden on the manufacturer and the public because of the
prohibitive per unit costs of testing.

Therefore, the Bureau of Radiological Health proposes that the
lot-by-lot AQL not exceed 1% for product sampling and that the
lots not be accepted if one reject is found in any sample.
This will have the effect of decreasing the AQL as lot sizes
(and, therefore, sample sizes) are increased. Lower lot
quality protection can be tolerated in small lots hut not in
larger lots. However, the long term average percent defective
must not exceed 0.1%. Sampling plans based on MIL-STD-105D
and this guidance are included in Appendix A.

4.5.2.2 Sampling by Variables for Tungsten Filament Fuses

Since tungsten filament fuses will always oxidize and interrupt
lamp operation in a finite time, lamps using such fuses can be
tested by variables sampling inspection. The variable that

“would be measured is self-extinguishing time. Variables
sampling- has the advantage that sample sizes can be signifi-
cantly reduced. Variables sampling plans set forth in MIL-

STD-414 or later volume as modified by this guidance are

included in Appendix A. All restrictions set forth in MIL-

STD-414 should be followed in addition to those modifications
stated here. The variables sampling plan contained in Appendix

A is based on the assumption that the measured parameter is
normally distributed. Should the normality assumption not be
satisfied, it is possible to base an inspection by variables

plan on any well-behaved probability distribution. Such sampling
plans will be considered on a case-by—case basis. In any case, the
sampling plan should assure that, on the average, not more than
one lamp per 1,000 produced will fail to camply.



5.0 RELIABILITY TESTS

Product reliability is the probability of a product performing its

intended function over its intended life and under the operating conditions
encountered. The primary product reliability concern of mercury vapor lamp
manufacturers has been lamp useful life. The mercury vapor lamp performance
standard adds a new concern, the ability of self-extinguishing devices to
function reliably during the useful life of the lamp. Reliability of the
self-extinguishing mechanisn must be carefully considered in lamp design

and must be proven through engineering evaluation and prototype and production
testing. .

FPor mechanical switches, processes that may decrease reliability include
those that cause switch contact welding, metal fatigue, and decreased
tensile strength. Although lamps with filament fuses are expected to self-
extinguish without fail, there may be aging processes that could lengthen
the self-extinguishing time; e.g., the current may not increase as much when
the lamp is lkroken after lamp aging as it would if broken when new.

.

Life and reliability testing is routinely conducted by mercury vapor lamp
manufacturers to assure that lamps will meet rated life specifications.
Tests of the self-extinguishing mechanism can readily be added to the life
test protocols. The conditions under which lamps are operated .should
simulate, to the degree possible, actual use and envirommental conditions.
Each life test should be conducted for a period of lamp operation equal to
the rated life of the lamp and, preferably longexr.

At the end of the test, lamps that are still operating should be removed
from their life test fixtures and the self-extinguishing mechanism tested
under the conditions described in item 5.4.2 of this guide.

The possibility of using accelerated life testing methods should be investi-
gated. Valid accelerated life tests can shorten considerably the length

of time that each lamp must be operated, thereby making test results available
much sooner. However, manufacturers are cautioned-to ensure that accelerated
life tests, when used, will not give false or misleading results.

C e
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6.0 QUALITY AUDITS

A quality control program can be only as good as the people who are
conducting that program. Even the most carefully planned and technically

and statistically valid quality control procedures will not assure compliance
with the mercruy vapor lamp performance standard if those procedures are

not properly implemented and followed faithfully. To ensure the effective-
ness of the quality control program it should be monitored using accepted
quality audit techniques.

The three elements of a quality audit are procedures audits, product audits,
and organizational and personnel evaluations.

6.1 Procedures Audits

Frequent audits should be conducted to verify that the gquality control
plan is followed. This includes ensuring that (1) all required

checks and tests are performed, (2) there is no deviation from
estabilished test procedures, (3) samples are taken in accordance with
the sampling plan, (4) all required statistical calculations are
properly made and correctly used in determining szmpling levels,

(5) lot rejection limits and reaction plans are rigorously caumplied
with, and (6) full and complete quality control and testing records
are generated and maintained.

The results of procedure audits are a measure of managerial control and
can indicate areas requiring better instruction and closer supervision.

6.2 Product Audits

A product audit is an independent evaluation of a relatively small
number of products. Its purpose is not to control quality hut to
determine the effectiveness of the quality control system.

Canpleted lamps that are audited may be taken at the end of the pro-
duction line or from warehoused stock. In-process audits could also
be made of components and sub-assemblies when relavant quality charac-
teristics can be evaluated during the production process. However, a
particular characteristic should only be audited following the
canpletion of the quality control procedure related to control of

that characteristic. For éxample, if a date code tag inside the

lanp is checked by quality control during lamp assembly, the

presence of that tag could be audited at some point in production
after that quality control check is made.



Audits should cover all applicable requirements of the performance
standard including marks and labels as well as proper functioning of
the self-extinguishing mechanism. BAudit results should be analyzed
to identify specific areas that call for further investigation of
design, processing, control methods, procedures, or personnel
performance. Corrective actions shall be applied where the results
of the analysis dictate.

6.3 Organizational and Personnel Evaluations

The results of the quality audit should be used to access the adecuacy
and perfommance of organizational units and personnel. BAudit results
may uncover underlying weaknesses in organization or managerial
structure or they may indicate need for additional training or
instruction for personnel or even need for disciplinary action.
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APPENDIX A
SAMPLING PLANS
A.l Sampling by Attributes

The manufacturer will determine the lot size and choose the ap-—
propriate letter code fram Appendix A, Table I. Then the appro-
priate sample size and rejection limit will be read fram Appendix

A, Table II (normal inspection) and the sample results will be
obtained. The lot will be rejected if the number of tested lamps
that fail to extinguish equal or exceed the rejection limit. If

a lot is rejected tightened inspection shall be instituted fol-
lowing the sampling plan specified in Table IIX and shall remain in
effect until five (5) consecutive lots have been considered ac-
ceptable, at which time normal inspection may be reinstituted.

When normal inspection is in effect, reduced inspection may be
instituted following the sample plan specified in Table IV provided
the preceding 10 lots have been on normal inspection and the process
average has not exceeded one (1) defective lamp per 1000. If less
than 1000 samples have been taken and none have been rejected, it
can be assumed that the process average has not exceeded 1 defective
per 1000. When reduced inspection is in effect, tightened inspection
shall be instituted following lot rejection if the process average
exceeds one defect per 1000 lamps. If the process average does not
exceed one defective per 1000, normal inspection shall be instituted
following lot rejection when reduced inspection is in effect.

There should be no compramise of the process average percent de-
fectives being less than 1 per 1000. The method of allowing a lot
rejection rule based on a larger AQL is merely a convenient instrument
to allow an inspection process that does not impose a prohibitive
burden on the mamufacturer. These requirements, which exceed those
given in MIL~STD-105D, are imposed to ensure that the Bureau ac-
ceptance level is not canpramised.

IR
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A.2 Sampling by Variables

The Bureau requires that the percent defectives shall be less than
1l in 1,000 which implies that the percent of self-extinguishing
times that exceed the standard value of 15 minutes shall be less
than 0.1%. If we let "p" be the theoretical but unknown mean self-
extinguishing time and "s" be the sample standard deviation of the
self-extinguishing times, then we require

Pr [15 -n > k]g 0.001 (1)
S

where k is the standard normal value corresponding to a probability
of 1 in 1,000 (0.001). The manufacturer should furnish data to
support the use of the normal distribution function for testing
prrposes. If this normality assumption is acceptable, then k = 3.1
and we can solve for p, the mean self-extinquishing time.

n =15 -3.1s (2)

The manufacturer may use one of a number of procedures to ensure

that the percent defectives is less than 1 in 1000. For suf-
ficiently large lot sizes the manufacturer may use the 15 minutes

for the upper specification limit (U) and an AQL of 0.1%. This is
the most direct method to ensure the desired quality. Alternatively, a
lower in-factory rejection limit can be established based on a higher
AQL. This method allows scme flexibility of sample size particularly
for the smaller lot sizes. The main objective under either methcd

is to maintain the process average at a level to ensure the percent
defectives being less than 1 in 1000. For example if an AQL of 1%
is chosen, then the upper specification limit should be set such

that the self-extinguishing times of not more than 1 in 100 bulbs
(0.01) would exceed that specification, therefore

Pr[U—u > m] < 0.01 (3)
s :

where "U" is the upper specification limit and "m" is the standard
normal value corresponding to a probablllty of 0.01l. Thus
m = 2,32 and

U-yp =2.32 (4)
—+ _ ‘

Thereforé,

a
"

p + 2.32s = 15 -"3.1s + 2.32s

c
]

15 - 0.78s (5) . -



Therefore, if the theoretical mean (u) of the self-extinguishing
times and the standard deviation (s) of the self-extinguishing
times of the samples is such that p + 3.1s < 15 and the self-
extinguishing time specification limit (U) is equal to or less than
15- 0.78s, lots should be accepted and not rejected, since the
process average of lamps that exceed a self-extinguishing time of
15 minutes would not be greater than 1 in 1,000.

The sampling plan discussed below is based on the preceding
technique and use of an AQL of 1% with variability unknown. MIL-
STD—414 should be consulted for plans using other AQL's. The
manufacturer will determine the lot size and choose the appropriate
sample letter code fram Appendix A, Table V. Then the appropriate
sample size will be read from Appendix A, Table VI (AQL 1%) and the
sample results will be obtained. To determine lot. acceptance or
rejection the following quantity is calculated:

s : (6)

where x is the sample mean self-extinguishing time. That wvalue
is canpared with the value of K for normal inspection taken from
Appendix A, Table VI. If Q4 is equal to or greater than K, the
lot is accepted. The standard deviation should be estimated by

the following calculation: _ . .
-\/E:x - (z:x)z/n
n-1 (7)

where n is the sample size and x is the individual lamp
extinguishing time.

Tightened inspection shall be instituted when the estimated process average
canputed from the preceding ten (10) lots is greater than the AQL (1.00
percent). Tightened inspection is also required when the number of lots
with estimates of' percent defective above the AQL fram the preceding 5, 10
or 15 lots is greater. than the given value of "T" in Appendix A, Table VIII,
and the process average fram these lots exceeds the AQL. Normal inspection
may be reinstated if the estimated process average of lots under tightened
inspection is equal to or less than the AQL. -

Reduced inspection may be instituted provided (1) the preceding ten lots

(ox other designated number of lots) have been under normal inspection and
none have been rejected; (2) the estimated percent defective for each of

the preceding 5, 10 or 15 lots is less than the applicable lower limit shown:
in Appendix A, Table IX or, for certain sampling plans, the estimated lot
percent defective is equal to zero for a specified number of consecutive
lots (see Table IX); and (3) production is at a steady rate. However, normal
inspection shall be reinstated if a lot is rejected, the estimated process
average is greater than the AQL, or production becames irregular or

delayed. -
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* The estimated process average referenced above is the arithmetic mean
of the estimated lot percent defectives camputed fram the appropriate mumber .
of lots. The estimated lot percent defective is to be determined frem
Appendix A, Table X for any particular value of Qu (quantity in the e.xtrane
left hand column) (see equation (6)) and sample size.



A.3 Sampling Tables

A

C

Table I

Sample Size Code Letter for
Sampling by Attrilutes

Lot or batch size Sanple Code Letter

2 to 150
151 to 280
281 to 500
501 to 1200
1201 to 3200

qum‘m

(Mdapted fram MIL~STD 105D, Table 1)

@

Tahle II

Normal Inspection by Attril:utes

Sample Size Sample % of AQL Number of Defects
Code Size Lot (%) . Accept  Reject

F 13 8.7-100 1 0 1

G 20 . 7-13 0.65 0 1

H 32 6.4-11 0.40 0 1

J 50 . 4.2-10 0.25 0 1

K 80 2.5-6.6 0.15- - 0 1

Mapted fram MIL-STD 105D, Table II-A)




Table IIX

Tightened Inspection by Attrilutes

Sample Size Sample % of AQL Number of Defects
Code Size Lot (%) ‘ Accept Reject

F 20 13.4~-100 1 0 1

G 32 11.4-21 0.65 0 1

H 50 10 -18 0.40 0 1l

J 80 6.7-16 0.25 0 1

X 125 3.9-10 0.15 0 1

(Adapted from MIL-STD 105D, Table II-B)

Table IV

Reduced Inspection by Attrihates

Sample Size Sample % of AQL Number of Defects
Code Size Lat (%) Accept Reject

F 5 3.3-100 1 0 1

G 8 - 2.8-5.2 0.65 0 1l

-H 13 2.6-4.6 0.40 0 1

J 20 1.74.0 0.25 i 0 1

K 32 1.0-2.7 0.15 o i

(Adapted fram MIL-STD 105D, Table II-C)




Table V

Sample Size Code Letter for
Sampling by Variables

Lot Size Code Letter Lot Size Code Letter
3 - 25 C 801 - 1,300 K
26 - 40 D 1,3